Direct interaction between BRCA1 and the estrogen receptor regulates vascular endothelial growth factor (VEGF) transcription and secretion in breast cancer cells.
Mutational inactivation of BRCA1 confers increased risk for breast cancer. However, the underlying basis for the breast tissue-restricted, tumor-suppressive properties of BRCA1 remains poorly defined. Here, we show that BRCA1 and the estrogen receptor alpha (ER-alpha) modulated vascular endothelial growth factor (VEGF) gene transcription and secretion in breast cancer cells. ER-alpha interacted in vitro and in vivo with BRCA1, and this interaction was mediated by the AF-2 domain of ER-alpha and two domains of BRCA1, the amino-acid residues 1-306 and 428-683. Endogenous interaction of ER-alpha with BRCA1 was observed in normal MCF-10A breast epithelial cells and in breast cancer cells (MCF-7 and T47D), and this interaction was significantly reduced in the presence of estrogen. Furthermore, ER-alpha induced activation of VEGF gene transcription, using human VEGF promoter-luciferase reporter constructs. The AF-2 domain of ER-alpha was also shown to induce VEGF gene transcription activation similar to that obtained with the full-length ER-alpha. However, in the presence of BRCA1, VEGF gene transcription activation and VEGF protein secretion were significantly inhibited in a dose-dependent manner. The BRCA1 domain of 1-683 amino acid residues was required for this inhibition of VEGF gene transcription activation. Three mutated forms of BRCA1 (A1708E, M1775R and Y1853X), that have been identified in familial breast cancers, failed to associate with ER-alpha and to suppress VEGF promoter activity and VEGF protein secretion. Overexpression of wild-type BRCA1 in HCC-1937 breast cancer cells that lack endogenous functional BRCA1 significantly reduced VEGF secretion in these cells. These results demonstrate a novel pathogenic mechanism whereby mutations in BRCA1, via their interaction with ER-alpha, could promote tumorigenesis through the hormonal regulation of mammary epithelial cell proliferation and impaired VEGF function, which may lead to cancer growth and angiogenesis.